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A The present invention relates in general to guidance sys 
tems and more particularly relates to’electronic attitude 
sensing apparatus. _ 

Attitude-sensing may be necessary to provide terminal 
' guidance for a space vehicle. Also, when radar and optical 
pictures of planetary or terrestrial objects are taken from a 

_ , space vehicle, it is important to know its exact attitude or 
' aspects at the time the pictures are taken so as to later per 
mit proper evaluation of the information contained in the 
pictures. However, since a present day space vehicle is 

i 1 likely to tumble and spin in space or somehow become un 
desirably oriented, its attitude with respect to some inertial 
frame of reference would not .normally be known at all 

Consequently, in the pursuance of space explora 
tion,‘ it is often desirable to have an attitude-sensing device 
at the space vehicle. The present invention provides an 
antenna system which, with appropriate auxiliary appara 
tus, can be utilized to determine fairly accurately the 
attitude of a space vehicle. > 
According to the basic concept of the invention, a signal 

from an earth station is" transmitted to the space vehicle 
where the sensing apparatus is located, attitude-sensing 
‘being accomplished by unambiguously determining the 
‘direction-of-arrival of the incoming signal with respect 
to aninertial frame of reference also in the space vehicle. 
If the direction-of-arrival of the signal from a ?xed point 
on earth is known for all orientations and aspects of the 
;space vehicle without a pre-program phase correction de 
vice, the attitude or aspects of the space vehicle with re 
,spect to the inertial frame of reference can at all ‘times 
vbexdetermined uniquely. The direction-of-arrival of the 
signal can be obtained by determining the directions of the 
electric‘and magnetic ?eld vectors of the signal. In the 

'_.alternative, direction-of-arrival can be obtained by deter 
mining the directions of,v two electric ?eld vectors whose 
associated signals are not widely separated in frequency.‘ 

' , 'Any one of several differentapproaches may be used to 
ascertain the direction of the electric and magnetic ?eld 
vectors. One particular embodiment includes three dipole 
antennasrespectively positioned along the x, y and z axes 
of a three-dimensional orthogonal reference system so that 

. I an xy plane is formed 'by the antennas along the x and y 
'axes, an xz plane is formed by the antennas alongthe x 
and _z axes, and a yz plane ‘is formed by the antennas along 
the y and z axes. The embodiment further includes ap 
paratus coupled to the three antennas for determining the 

2 
rangement,'the two phase-comparator circuits respectively 
produce a pair of signals which correspond to or, stated 
differently, constitute a measure of the angles 0 and ¢, 

, where’ 0 and <75 are respectively the angle between the z 
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and x axes and the electric ?eld vector. _ 

- ‘ However, knowledge of (land ¢ of the electric vector 
is not enough to unambiguously determine the direction 
of arrival of‘the incoming signal, since the ambiguity of 
the direction-of-arrival about the roll axis of the electric 
vector still exists. Accordingly, in, addition, a set of 
magnetic dipoles or loop antennas are introduced to deter-’ 
mine by a similar procedure the direction of the magnetic 
?eld vector of the incoming signal with respect to the same 
‘inertial frame of reference, the combined knowledge of 
‘the directions of both electric and magnetic ?eld vectors 
being suf?cient to ‘uniquely determine the direction-of-ar 
rival of the signal. ‘A a . - 

It will be recognized that bypusing standard error-detect 
ing networks and servomechanism devices in combination 
,with the apparatus of the present invention, a space vehicle 
may be returned to a ' predetermined course should it 
deviate from that course. It will also be recognized 
by those skilled in the'electronics art that the use of loop 
antennas at the space vehicle'can be avoided if two sig 
nals, whose electric ?eld vectors ‘are spatially at right 
angles to each other,'are transmitted by theground station 
at slightly different frequencies. If the frequencies of the 
two signals are not too widely‘ separated, the same set of 
orthogonal antennas at the space, vehicle can be used. 7 In 
this case, the signals received at the satellite antennas can 
be separated outwith ?lter ararngements and independent 
ly processed. . . _ '; . . . 

It is, therefore, an object of the present invention to pro 
vide an all-electronic attitude-sensing device. , , 

It is another object of the present invention to provide a 
system by means of which the‘directions of the electric and 
magnetic ?eld vectors of a signal may be determined. 

It is a further object of thepresent invention to provide a 
system for’ continuously determining ‘the direction-of 
arrival of an incoming signal relative to a three-dimension 
al reference system irrespective of the orientationof the 4 
reference system. ' 

The novel features'which are believed to be character 
istic of the invention, both as ‘to its organization and 
vmethod of operation, together with‘ further objects "and 
advantages thereof, will be better understood from the 

7 following descriptionconsidered in connection with the 
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direction from which an incoming signal is received rela 
tive to the abovesaid three planes, that is, apparatus capa 
ble of ascertaining the angles formed between the electric 
and magnetic ?eld vectors associated with an incoming sig 
nal and the reference system axes. More speci?cally, 
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the antenna positioned along the y axis is coupled through - 
. a90 degree phase-shifter circuit to a ?rst summing circuit 
to which the antenna positioned along the x axis is direct 
ly connected. The output from this ?rst summing circuit 
is fed to a ?rst phase-locked loop network as well as to 
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a ?rst phase-comparator circuit, the antenna positioned 1' ‘ 
along the x axis also feeding into the comparator circuit. 
The embodiment also includes a second phase-locked loop 

‘circuit to which the antenna positioned along thev z' axis 
‘is directly connected and a second summing'circuitto 

. ' which the outputs from both phase-locked loop'networks “ are applied, the resulting output from the second summing 

circuit being fed to a second phase-comparatorcircuit. 
The signal generated by a stable oscillator is also applied to 
this 'second comparator circuit. As a‘result of this ar~ 
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accompanying. drawings in which anembodiment of the 
inventionis illustrated by way of example. It is' to be 
expressly understood, however, thatthe drawings are for 

' the purpose of illustration,and'description- only and are 
'not intended as a de?nition of the limits of the invention. 
.FIGURE 1 shows ablock diagram of one embodiment 

of an attitude-sensing device according to the present in 
vention; . . - » _ . 

FIGURE 2 presentsa broad picture of the basic tech 
nique involved in the present invention. . 

. FIGURE 3 illustrates the components of’ an electric 
?eld vector incident upon a cartesian coordinate reference 
system; and - ‘ 

FIGURE 4 shows an extension of the FIG. 1 embodi 
ment for determining direction of propagation using two 
orthogonal electric vectors. ' ‘ V ' 

,. Considering now the‘ drawings, reference is made to 
FIG. 1 wherein the embodiment is shown to includea 
_‘plurality of three electric dipole antennas respectively 
designated 10a, 10b and 10c, the lengths of these antennas 
being very small compared to the wavelength of the in 
coming signal.‘ Antennas 10a, 10b and ltlcare respec 
tively positioned on axes x, y and :z and are oriented on 
these axes so that each antenna receives only its axial 
component of the incoming signal. Antenna 10b is 



coupled through a 90° phase-shifter circuit 11 to an adder 
or summer circuit 12. Antenna lllla, on the other'hand, is 
connected directly to summer circuit 12. The function of 
circuit 11 is to shift the phase of signals applied to it by 
90° timewise, that is, not spatially but in time. Another 
*way of stating it is that circuitrll produces a quarter 
wavelength delay in signals applied to it. ' The output of 
the summer circuit is‘ connected to a phase-locked loop 
network which is generally designated 13m .With respect 

. to antenna 100, this antenna is connected to another phase 
~locked loop network generally designated 13b. 

Phase—locked loop 13a includes a ?rst mixer circuit 14a, 
a phase detector circuit 15a, a low-pass ?lter 16a and a 
voltage-controlled oscillator 17a, the elements mentioned 
being arranged to form a closed circuit or loop. More 
speci?cally, mixer 14a and phase detector 15a each have 
?rst and second input terminals, the ?rst input to mixer 
14a being connected to the output end of summer 12 and 
the ?rst input'to phase detector 15a being connected to 
the output end of the mixer. ' Lowpass ?lter 16a is coupled 
between the‘output end of phase detector 15a and volt 
age-controlled oscillator 17a, the output end of the oscil 
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lator being connected to the second input to mixer 140., l 
The phase-locked loop is thus formed. Phase-locked'loop 
13b is identical and, therefore, similarly includes a mixer 
circuit 14b, a phase-detector circuit 15b, a low-pass ?lter 
16b and a voltage-controlled oscillator 17b-,'the_'circuit 
elements of this loop'being interconnnected in exactly the 
identical manner as the elements of loop 13a. Conse 
quently, to avoid redundancy, it is not deemed necessary 
to describe phase-locked loop 13b in any greater detail. 
A very stable oscillator 18 is connected directly to the 

second input to phase detector 151a and through a second 
90° phase'shifter circuit 20 to the second input to phase 
detector 15b. .The function ofcircuit 20 is the same as 

a that of phase-shifter circuit 11, namely, to shift the phase, 
of signals applied to it by 90° in time. Finally, the FIG, 
1 apparatus includes a second summer circuit 21 and a 
pair of phase comparator circuits 22 and 23 which, as 
their names imply, compare the phases of signals applied 
to them, each phase comparator putting out a signal that 
is indicative of the phase difference between the signals 
applied to it. Phase‘ comparator circuit 22 is connected 
across summer circuit 12 and, consequently, receives sig 
nals from the summer and antenna 10a. Phase-compara 
tor circuit 23, on the other hand, is connected to the out 
put ends of stable’oscillator 18 and summer circuit 21 
and, therefore, receives their signal outputs. The signals 
out of comparator circuits 22 and 23 are respectively 
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4 
where E is the electric ?eld vector representing the incom 
ing signal, B being the amplitude of the vector, and 0 and 
¢ are the polar and azimuth angles, respectively, of this 
vector, that is, 0 is the angle between Vector E and the Z 7 
axis and ¢ is the angle between the projector of the vector 
on the xy plane and the x axis. 1 
The signal from antenna 19b is passed through 90° 

phase shifter 11 so that a new signal E’y is obtained, 
namely, . 

E’,,=E sin 0 sin ¢ cos (wt-lug) (4) 

which, by trigonometric techniques, can be reduced to 

E’y=—E sin 6 sin :1: sin wt (5) 

Signals EX and E'y are then'linearly combined in summer 
circuit 12 to yield an output signal E1, where 

(6) 
By trigonometric means, this equation may be reduced to , 

E1=E sin 0 cos (wt+¢) (7) 

Signal E1 as well as signal EZ out of antenna 100 are then 
respectively fed into identical phase-locked loops 13a and 
13b. The signal from stable oscillator 18 is also fed into 
phase-locked loops 13a and 1312, the oscillator signal 
applied to loop 13a being I . 

20 toloop 13b being E',, where 

.E',=E0 cos (mowing) (9)’ 
Equation 9 may berreduced to 

E'1-=—E0 sin (wet-H150) (10) 
The operation of phase locked loop networks are well 
understood and, hence, need not be described in detail 

Thus, theitheory of networks of this type are set 
forth in an article entitled “Theory of AFC Synchroniza 
tion,” written by Wolf J. Gruen, and published on pages , 

‘ 1043-1048 of the August 1953 issue of the Proceedings 
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applied to output terminals 24 and 25 which are also the , 
output terminals for the entire apparatus. ‘.As for sum 
mer circuit 21, its two input lines are respectively con 
nected to the output ‘ends of‘ mixers 14a and 14b so that . 
summer 21 receives the" signals from these mixers. 

In considering the operation, it must ?rst be mentioned 
that because the antennas are small in comparison with 
the, wavelength ofthe incoming signal and, furthermore, 
because of the closeness to each other with which the 
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antennas are positioned, the signals produced by the , 
antennas are substantially in phase with each other time 
wise, that is to say, the x, y and z components of the in 
coming ‘signal rise and fall together. However,v generally 
speaking, the magnitudes of the three components differ 
from each other, the respective magnitudes being a func? 
tion not only of the magnitude “E” of the incoming signal 
but also of the angles between the incoming signal and 
the antennas“ Accordingly, as is illustrated in FIGS.‘ 2 
and 3, if a signal from a given point on earth is trans 
mittedto a space vehicle in which the system of FIG. 1, 
is located, the components of the electric ?eld respective 
ly received by the orthogonal dipole antennas can be ex 
pressed as: ' ' 

. 'EX=E sin 0 cos 95 cos wt (,1) 

Ey=E sin 0 sin ¢ cos wt 7 V 

- EZ=E cos 0 cos wt '~ 7(3) 
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of the I.R.E. Again, the lock-in characteristics of phase 
locked loop networks are explained in article entitled 
“The Lock-In Performance of an AFC Circuit,” written 
by G. W. Preston'and J. C. Tellier, and published on 
pages 249—251 of the February 1953 issue of the Proceed 
ings of the I.R.E. Su?lce it to say, therefore, that since 
the criterion for the locking-in of a phase-locked loop is 
that the voltages into its phase detector must be at the 
same frequency and have a 90° relative phase shift (under 
these conditions, the error signal from the phase detector 
is zero), the output signals of the two phase-locked loops 
respectively become 1 ' 

- E(,=_KE sin 0 sin (mom-(p0) (11) 
and ' a ' 

E2=KE cos 9 cos (w°t+<,f>o) 7 (12) 

where K is the effective‘ gain of these identical phase 
locked loops. The two signals E’l and E2 are linearly 
combined in summer circuit 21 whose output, in response 
thereto, becomes ‘ 

E0=KE -[cos 0 cos (wot+'¢o)—sin 0 sin (wof+¢o)] (13) 
This equation for E0 may trigonometrically be reduced 

4. 

It will be noted from this latter equation for E, that 
the absolute value of E0 is a constant, that is to say 
EQ=KE. Thus, the output from summer 21 is inde~ . 
pendent of the attitude of the space vehicle. 1 , 
The angles 0 and Q? are now determined in the follow 

ing manner. First, the azimuth angle ¢ is determined 
by measuring the relative-phase between the signal > 

E1=E sin 0 cos (wt-Hp) (7) 

l (8) . 

and the oscillator signal applied through 90° phase shifter 



' 10b and 100. 

2p’ and 0', that is 
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‘and-either of‘the signals EX, Ey or E2. Similarly, the 
polar angle 6 is determined by measuring the relative 
phase between the signal ' 

,} E0_=KE cos (w0t+¢0+0) (14) 
and the signal . 

' Er=E0 cos (wot+¢o) (8) 

In the system of FIG. 1, signals 

E1=E sin 0 cos (wt+¢) (7) 
and' 

Ex=E sin 0 cos ¢ cos wt (1) 

are applied to phase-comparator circuit 22 and since the 
phase difference between these two signals is the angle-g3, 
the output signal produced at output terminal24 re?ects 
thisphase difference, that is to say, the magnitude of. the 
signal at terminal 24 is proportional to the azimuth angle 
45. -In other words, . 

Where E24 is the signal appearing at 
In the same way, signals ' 

' EO=KE COS ('w0t+¢0+0) 

(15) 

are/1 applied to phase-comparator circuit 23 and since 
the phase difference between'Eo and Er is‘the angle 0, the 

10 

15 

20 output terminal 24. 
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output signal produced at output terminal 25 corresponds. ' 
to‘this phase difference, that is, the magnitude of the sig 
nal developed at terminal 25 is proportional to the polar 
‘angle 0. vStated di?'erently, '. . _ ' ~ 

E2s=Kzf(0) (16) 
where B25 is the signal appearing at output terminal 25. - ' 
Knowledge of angles 0 and ip uniquely determines the 

‘direction of the electric ?eld vector. However, as was 
mentioned previously, knowledge of 0 and ¢ alone ‘is 
not enough to unambiguously determine the direction-of 
arrival of the incoming signal. In order to do so, it is 
__necessary to'also determine the direction of the magnetic 
?eld vector. ‘p Accordingly, for this purpose, the embodi 
ment also includes a second arrangement of apparatus 
that is identical to the arrangement shown in FIG. ‘1, the 
‘only exception being that a set of three magnetic dipoles 
or loop antennass are substituted for electric dipoles 100, 

In other words, the embodiment actually 
includes two .of the combinations shown in FIG..1,.one 
such combination having three orthogonally arranged 
electric-dipoles and the other having three orthogonally 
arranged magnetic dipoles or loop antennas, the combina 
tions otherwise being identical. ‘The two sets of antennas 

‘ are. positioned along the axes of their respective axial 
reference ‘systems and as close together as possible so that 
,the two reference systems involved will be substantially 
co-centered. > 

In its operation, the arrangement for determining the di- . 
rection of the magnetic ?eld vector is exactly the same as 
‘the arrangement shown in FIG. 1 for determining the 
direction of ‘the electric ?eld vector. Accordingly, to 
‘avoid being completely redundant, a-complete descrip 
Ltionof its operation is omitted. Suf?ce it to say, there 
', fore, that this second arrangement produces a pair of out 
put signals E24 and -E'25 that are respectively functions of 

E'24=K'1f(¢') 

E'25=K'2f(9") 

. (17‘) 
and 

e (18) 

‘where qb’ and'?', are respectively the azimuth and solar 
. ‘angles of-the magnetic ?eld vector. Thus, the direction 
' lQf the magnetic’ vector is determined, the combined 
. knowledge of the directions‘of both the electric and mag 
’ netic ?eld vectors being adequate to determine the direc 
tion-of-arrival of the incoming signal and this informa 
tion, when related to an inertial frame of reference, pro 

;jyides the desired attitude sensing. _ - ' ‘ 

so 
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~‘As a matter of fact, it should be mentioned that be 
cause the two arrangements in the embodiment are iden 
tical both as to their construction and their operation, it 
was not deemed necessary that both be illustrated. Ac 
cordingly, as alreadymentioned, only -'one arrangement 
has been shown in FIG. 1, namely, the arrangement for 
determining the direction of the electric ?eld vector. 
The use of loop antennas at the space vehicle can be 

avoided if two signals are transmited by the ground sta 
tion whose electric ?eld vectors are spatially at right 
angles to each other; If the frequencies of the two signals 
are not widely separated, the same set of orthogonally 
arrangedv electric dipole antennas can be used, the signals 
received at the satellite antennas being separated or ?l 
tered out and independently processed by an arrangement 
shown schematically in FIG. 4 to which reference is now 
made. , 

As shown therein, the arrangement includes three elec 
tric dipole antennas 10a,.10b and 100 orthogonally‘aré 
ranged, as before, along the x, y and z axes‘ of the refer 
ence system. 'The arrangement also includes two sys 
tems that are respectively designated P and Q, each of 
the systems comprising elements 11 through 25 of FIG. 1 
in exactly the same combination. In other words, one 
combination of elements 11 through 25, adapted for a 
signal frequency f1, constitutes system P and a second 
and identical'combination of elements 11 through 25, 
adapted for a signal frequency f2, constitutes system Q. 
As heretofore mentioned, frequencies f1 and f2 are pref 
erably not widely separated. Three ampli?ers, desig 
nated 30a, 30b'and 300, are respectively connected to an 
tennas 10a, 10b and 10c and, ?nally, three pairs of?lters, 
generally designated 31a, 31b and' 310, are coupled be 
tween ampli?ers 30a, 30b and 300 and systems P and Q. . 
Considering the ?lters with greater ‘particularity, ?lter 
pair 31a includes ?lters 32a and 33a, ?lter pair 31b in 
cludes ?lters 32band 33b, and ?lter pair 310 includes 
?lters 32c and 330. Filters 32a, 32b. and 320 are-de 
signed to pass only the signal’receive‘d at frequency 41 
and, consequently, they are connected between ampli 
?ers 30a, 30b and 300, respectively, and system P. Simi 
larly, ?lters 33a, 33b and 336: are designed to pass only 
the signal received at frequency f2 and, for this reason, 
they are connected between ampli?ers 30a, 30b and 30a, 
respectively, and system Q. Thus, there are three sepa 
rate and distinct inputs to system P and three~separate 
and distinct inputs to' system Q as'well, the. three inputs 
to each system being connected to the elements of that 
system in exactly the same manner as the three antennas 
in FIG. 1. Thus, by way of example, the three inputs to 
system P are connected to ‘elements 11, 12, 14b and 22 
therein, the three inputs to system Q being similarly con 
nected to its elements 11, 12,,14b and 22. p , 

vWith but slight differences, mainly due to the fact that 
two signals at'slightly‘ different frequencies are used, the 
operation of the ‘FIG. 4 arrangement is substantially the 
same as that for the arrangement in FIG. 1. More, spe 
ci?cally, the signal at frequency fl is intercepted by an 
tennas 10a, 10b and 100, with the result that the x, y 
and z components of this signal are applied to ampli?ers 
Sila, 30b and 300.‘ After ampli?cation, these x, y and 7-2: 
signal components are respectively applied to ?lter pairs 
31a, 31b and 310 wherein they are rejected by ?lters 33a, 
33bland 330 but passed-by ?lters 3211,32b and 320 to 
system P. It will be remembered that the internal ar 
rangement of system P includes and operates the same 
as elements 11 through 25 in FIG. 1; Consequently, in 
response to the three signal components at frequency'fl, 
system P producesa pair ‘of output signals that are, re 
spectively functions of 0 and ¢ of the El'vector. Inthe 
same way, the x, y and z components of the ‘signal at 
frequency f2 are ampli?ed byampli?ers 30a, 30b and 300 
and thereafter passed (through ?lters 33a, 33b and 330 

.to system Q. Since system Q is identicalto system P 
except that system Q is adapted for frequency fzf‘system 
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Q produces a pair of output signals that are respectively 
functions of 0 and ¢ of the E2 vector. , I > _ 

Thus, the directions of vectors E1 and E2 associated 
with the two received signals are determined and this, in 
turn, determines the direction of'the incoming signals, as 
previously mentioned and explained. v . , 

Although a number of particulararrangements70f the 
invention have been illustrated above by way ofexample, 
it is not intended that the invention be‘ limited thereto. 
Accordingly, the invention should be considered to include 
any and all equivalent modi?cations,alterations, or ar 
rangements falling within the scope of the annexed claims. 

Having thus described the invention, what is claimed 
as new is: I r V t 

1. Electronic apparatus for continuously determining 
the direction of one of ther?eld vectors, magnetic or 
electric, of an intercepted signal, said apparatus compris 
ing: three antennasrespectively positioned and oriented 
along the axes of a three-dimensional orthogonal system 
of reference for producing axial components of the inter 
cepted signal; a ?rst circuitcoupled ‘to one of said an 
tennas for shifting the phase of the signal component 
therefrom by 90°; a second circuit coupled to said ?rst 
circuit and to another of said antennaslfor adding'the 
signal components therefrom'to produce a ?rst combined 
signal; a third circuit coupled to said other antenna and 
to said second circuit for comparing the phase'diiference 
between said ?rst combined signal and the axial signal 

10 
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of said summing means with one of said axial compo 
nents to produce one of- said output signals, a reference 
frequency source, ?rst and second phase-lock loop circuit 
means; means for introducing the reference frequency 
into said ?rst and second phase-lock loop circuit means 
90° out of phase, means introducing the third axial vector 
component into one of said phase-lock loop circuit means 
to produce a ?rst intermediate frequency signaliin'?xed 
frequency and phaserelationship with said reference fre 
quency, means introducing the ?rst and second axial com 
ponent output of said summing’ means into the other of 
said phase-lock loop circuit means, to produce a second 
intermediate ‘frequency signal in ?xed frequency and 90° 
‘phase shifted relationship; with the reference, means for 
‘linearly summing the first and second intermediate fre 
quency output of said first and second phase-lock loop 
means, and means for phase comparing the output of said 
last linear summing means with said reference frequency 
to produce a second output-signal‘. - 

4. Electronic, apparatus for continuously determining 
_ ‘the direction of one of the ?eld vectors, magnetic or elec 

25 

component from said other antenna, said third circuit .pro- , 
ducing a ?rst output signal whose amplitude at any in 
stant corresponds to said phase difference, at that instant‘; 
means for generating a stable reference signal; a fourth 
circuit coupled to said means for shifting the phase of said 
reference signal by 90°; a ?rst network coupled between 
said means and said second circuit, said ?rst network be 
ing operable in response to said ?rst cornbined'and'ref 
erence signals to produce a ?rst intermediate-frequency 
‘signal that is in frequency and phase agreement with said 
reference signal; a second network coupled between the 
third of said antennas and said fourth circuit, said second 
network, being operable ‘in response to the axial signal 
component from said third antenna and the phase-shifted 
reference signal out of ‘said fourth circuit to produce a 
second intermediate-“frequency signal that is in frequency 
and phase agreement‘with said phase-shifted reference 
signal; a ?fth circuit coupled to said ?rst and second 
networks for adding the intermediate-frequency signals 
therefrom to produce a second combined signal; and a 
sixth circuit coupled to said means and to said ?fth cir 
cuit for comparing the phase difference between said 
second combined signal and‘ said reference signal, said 
‘sixth circuit'producing a second output signal whose am 
plitude at any instant corresponds to said phase difference 
at that instant. > V 

2. The apparatus de?ned in claim 1 wherein said ?rst 
and second networks are phase-lock loop networks; 

3. Electronic apparatus for continuously determining 
the direction of one of the ?eld vectors, magnetic or 
electric, of an intercepted signal, said apparatus compris 
ing: three antennas respectively positioned and oriented 
along the axes of a three-dimensional orthogonal system 
of reference for producing axial components of the in 
tercepted signal, said antennas being small compared to 
the wavelength of the intercepted signal and positioned 

, close to the origin of the reference system; and means 
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coupled to said three antennas for receiving said axial , 
signal components, said means using said signal compo 
nents to produce output signalswhose magnitudes respec 
tively correspond to the angles formed between a ?eld 
vector of the intercepted signal and the axes of said ref 
erence system, said last means comprising a 90° phase 
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shifter, means for linearly summing one of the axial com- ' 
ponents ofria ?eld vector with a second axial component 7 
after passage of one of said, axial components through 
said phase'shifter, means for phase comparing the output 75 

tric, of an intercepted signal, said apparatus comprising: 
three antennas respectively positioned and oriented along 
the x, y and z axes of a three-dimensional orthogonal 
system of reference, said ‘antennas being small compared 
,to the wavelength of the intercepted signal and positioned 
close to the origin of the reference system, said antennas 
producing axial signal components s1, 7S2 and s3 that are 
respectively A sin 0 cos ¢ cos wt, A sin 6 sin ¢ cos wt, 
and A cos 0 cos wt, where A is the magnitude and 0 and ¢ ’ 
are repectively the polar and azimuth angles of the ?eld 
vector corresponding to the intercepted signal; ?rst means 
for processing and combining signal components s1 and 
s2 in such a manner as to produce a signal .94 equal to 
K1 sin 6) cos (wt-Ht); a stable oscillator for generating a 
signal .95 equal to B cos (wot-Hm), where B is the ampli 
tude of signal s5, we its frequency and ¢0 an arbitrary 
phase angle; second means for processing and combining 
signals" s3, s4, and s5 in .such a manner as to produce a 
signal .96 equal to K2 cos (w0t+¢0+0); a ?rst, phase-com 
parator circuit receptive of signals s, and s4 and operable 
in response thereto to produce a‘ ?rst output signal E1 
whose amplitude is a function of ¢; and a second phase 
comparator circuit receptive of signals .95 and s6 and op 
erable in response thereto to produce a second output 
signal E2 whose amplitude is a function of 0. 

5. The'apparatus de?ned in claim 4 wherein said ?rst 
means includes a phase-shifter circuit’ for shifting the 
phase’ of signal s2 by 90° to produce a signal s’2 ‘equal to 
A sin Q sin (1: sin wt; and a summer circuit for linearly 
adding signals s1 and s'2 to produce signal .94. 

6. The apparatus de?ned in claim 4 wherein said second 
means includes a phase-shifter circuit for shifting the 
phase of signal s5 by 90° to produce a signal s'5 equal to 

"a ?rstphase-lock loop network receptive of signals 8;; and 
s’5 and operable in responsethereto to produce a signal 
sa equal to C sin 0 sin (w0t—|—¢0); a second phase-lock loop 
network receptive of signals s4 and s5 and operable in 
response thereto to produce a signal sb equal to D cos 0 
cos (wot-H50); and a summer circuit for linearly adding 
signals sa and S], to produce signal s6. , ' i 

7. The apparatus de?ned in claim 4 wherein said ?rst 
means include a ?rst phase-shifter circuit for shifting the 
phase of signal s2 by 90° to produce a signal s’z equal to 
A sin 6 sin¢ sin wt, and a ?rst summer circuit for linearly 
adding signals s1 and s'z to produce signal s4; and said 
second means inclndesla second phase-shifter circuit for 

, shifting the phase of signal s5 by 90° to produce asignal 
. s'5 equal to V t 

a ?rst phase-lock loop network receptive of signals s3 



3,133,283 ' 

and s's and operable response thereto to producea sig~ 
nal s; equal to C sin 0 sin (w0t+¢0), a second phase-lock 
loop network receptive of signals .94 and s5 and operable 
,in response thereto to produce a signal sb equal to D cos 
0"’ cos (wot-#450), and a summer circuit for linearly adding 
‘signals'sa and sb to produce signal s6. 
" V: 8. Electronic apparatus for continuously sensing the 
‘attitude of a vehicle by continuously determining the 
direction of arrival of an incoming signal, said apparatus 

7 ‘ comprising: three dipole antennas respectively positioned I 
and oriented along the axes of a three-dimensional ortho 
gonal system of reference for producing axial signal 
components corresponding to the electric ?eld associated 
with the intercepted incoming signal, said antennas being ' 

' small compared to the wavelength of the intercepted sig 
nal and positioned close to the origin of the reference 
system;'means coupled to said three dipole antennas for 
receiving said axial signal components, said means using 

' said signal components to produce output signals whose 
"magnitudes are a fuinction of the anglesformed between 

, the electric ?eld-yector-of the intercepted incoming sig 
nal- and the axes of said reference system; three loop 
antennas respectively positioned and oriented along the 
axis of an additional three-dimensional orthogonal sys 
tem of reference for producing axial signal components 
corresponding to the magnetic ?eld associated with the 
intercepted incoming signal, said antennas being small 
compared to the wavelength of the intercepted signal and 
positioned close to the origin of said additional reference 
system; and additional means coupled to said three loop 
antennas for receiving the axial signal components there 

' - ?'om, said additional means using said signal components 
to produce additional output signals whose magnitudes 
are a function of the angles formed between the magnetic 
?eld vector of the intercepted signal and the axes of said 
additional reference system, whereby the direction of the 
magnetic ?eld vector is determined. - 

-9. Electronic apparatus for continuously sensing the 
attitude of a vehicle by continuously determining the 
direction of arrival of an incoming signal, said apparatus 
‘comprising: three dipole antennas respectively positioned 
and oriented ‘along the axes of a ?rst three-dimensional 
orthogonal system of reference for producing axial signal 
components corresponding to .the electric ?eld associated 
with the intercepted incoming signal, said dipole antennas 
being small compared to the'wavelength of the inter 
cepted signal and positioned close to the origin of said 
?rst reference system; a ?rst circuit coupled to one 
of said dipole antennas for shifting the phase of the 
signal component therefrom by 90°; a second circuit 

‘ coupled to said ?rst circuit and to another of said 
dipole antennas for adding the signal components 
therefrom to produce a ?rst combined signal; means for 
generating a stable reference signal; a third circuit cou 

; pled to said means for shifting the phase of said reference 
signal by 90°; a fourth circuit coupled between said 
means and said second circuit, said fourth circuit being 

’ operable in response to said ?rst combined and reference 
signals to produce a ?rst intermediate-frequency signal 
that is in frequency and phase agreement with said refer 

' ence signal; a ?fth circuit coupled between the third of 
= said dipole antennas and said third circuit, said ?fth 

' ' circuit being operable in response to the axial signal com 
ponent from said third dipole antenna and the phase 
shifted reference signal out of said third circuit to produce 

. a second intermediate-frequency: signal that is in fre 
quencyv and phase agreement with said phase-shifted ref 
erence signal; a sixth circuit coupled to said fourth and 

' , ?fth circuits for adding the ?rst and second intermediate 
frequency signals therefrom to produce a second com 
bined‘signal; a seventh circuit coupled to said other dipole 
antenna and to said second circuit for comparing the 
phase difference between said ?rst combined signal and 
the axial signal component from said other dipole antenna 
and an eighth circuit coupled to said means and to said 
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sixth circuit for comparing the phase difference between 
said second combined signal and said reference signal, said 
seventh and eighth circuits respectively producing ?rst 
and second output signals whose amplitudes at any instant 
correspond to said ‘phase di?ferences at that instant, where 
by the direction of the electric ?eld vector is determined; 
three loop antennas respectively positioned and oriented 
along the axes of a second three-dimensional orthogonal 
system of reference for producing axial signal compo 
nents corresponding to the magnetic ?eld associated with 
the intercepted incoming signal, said antennas being small 
compared to the Wavelength of the intercepted signal and 
positioned close» to the origin of said second reference 

, system; a ?rst network coupled to one of said loop an 
tennas for shifting, the phase of the signal component 
therefrom by 90°;"a second network coupled to said 
?rst network and to another of said loop antennas for 
adding thehsignal components therefrom to produce a 
third combined signal; a third network coupled between 
saidn-means and said second network, said third network 
being operable in responseto said third combined? and 
reference signals to produce a third intermediateefre 
quency signal that is in frequency and phase agreement 
with said reference signal; a fourth network coupled be 
tween the third of said loopjantennas and saidthird cir 
cuit', said fourth network beingoperable in response to 
the axial signal component from said third loop antenna 
and the phase-shifted reference signal out of said third 
circuit to produce a fourth intermediate-frequency signal 
that is in frequency, and phase agreement with said third 
and fourth reference signal; a ?fth‘ network coupled to 
said third and fourth networks for adding the third and 
fourth intermediate-frequency signals therefrom to pro‘ 
duce a fourth combined signal; a sixth network coupled 
to'said other'l_-oop antenna and to said second network for 
comparing the phasediiference between said third com 
bined signal and the axial signal component from said 
other loop antenna and a seventh network coupled to said 
means and to said ?fth network for comparing the phase 
difference between said fourth combined signal and said 
reference signal, said sixth and seventh networks respec~ 
tively producing third and fourth output signals whose 
‘amplitudes at any instant correspond to said phase dif-' 
ference at that instant, whereby the direction of the mag 
rietic ?eld vector is determined. ' 

10._ ‘Apparatus for continuously sensing the attitude of’ V 
a vehicle in response to a pair of signals transmitted > 
thereto at slightly dilferent frequencies, said apparatus 
comprising: three antennas, respectively positioned and 
oriented along the axes of a three-dimensional orthogonal 
system of reference in order to produce axial components 
of the electric ?elds associated with the incoming pair 
of signals,'said antennas being small compared to the 
wavelength‘of the incoming signals and positioned close 
to the origin‘ of said reference system; means coupled to 
said three antennas for separating the axial components 
obtained from one of the two incoming signals from 
the axial components obtained from the other of the 
incoming signals; ?rst and second systems coupled to 
said second systems coupled to said means in order to 
respectively receive the axial components from the'two 
incoming signals, said ?rst and second'systems using said 
axial components to respectively produce output signals 
that indicate the directions of the electric ?eld vectorsv 
associated with the incoming signals, whereby the direc 
tion from which the signals arelreceived at the vehicle 
are known. ‘ ~ ' ‘ 

11. The apparatus de?ned in, claim 10 wherein said 
means includes a ?rst set of three ?lters respectively cou 
pled to said three antennas and tuned to one frequency of 
the incoming signals, and a second "set of three ?lters re 
spectively coupled to said three antennas and tuned to the 
other frequency of the incoming signals, whereby two 
distinct sets of axial signal components are produced. 

12. The apparatus de?ned in claim 11 wherein said ?rst 
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and second systems are respectively coupled to said ?rst 
and second set of ?lters, each of said systems including a 
?rst circuit coupled to one of the associated ?lters for ‘ 
shifting the phase of the axial signal component therefrom 
by 90°; a second circuit coupled to said ?rst circuit 
and to another of the associated ?lters for adding the 
signal components therefrom to produce a ?rst combined 
signal; a third circuit coupled to said other ?lter and to 
said second circuit for comparing the phase difference be_ 
tween said ?rst combined signal and the axial signal com 
ponent from said other ?lter, said third circuit producing 
a ?rst'output signal whose amplitude at any instant cor 
responds to said phase difference at that instant; means 
for generating a stable reference signal; a fourth circuit 
coupled to said means for shifting the phase of said refer 
ence signal by 90°; a ?rst network coupled between said 
'means and said second circuit, said first network being 
operable in response to said ?rst combined and reference 
signals to produce a ?rst intermediate-frequency signal 
that is in frequency and phase agreement with said refer 
ence signal; a second network coupled between the third 
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of theassociated ?lters and said fourth circuit, said second 
network being operable in response to the axial signal 
component from said third ?lter and the phase-shifted 
reference signal out of said fourth’ circuit to produce a 
second ‘intermediate-frequency signal that is in frequency 
and phase agreement with said phase-shifted reference 
signal; a ?fth’ circuit coupled to said ?rst and second net 
works for adding the intermediate-frequency signals there 
from to produce a second combined signal; and a sixth 
circuit coupled to said, means and to said ?fth circuit 
for comparing the phase difference between said second 

} combined signal and said reference signal, said sixth cir 
cuit producing a second output signal whose amplitude 

‘.at any instant corresponds to said ‘phase diiference at 
15 

20 

that instant. ' ‘ > . 

13. The apparatus de?ned in claim 12 wherein said 
?rst and second networks are phase-lock loop networks. 
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